Summary.-Cell surface antigens expressed by cells transformed in vivo by FBJ virus, a wild type murine sarcoma virus (MSV) complex derived from a spontaneously arising sarcoma in a CF1 mouse, have been studied by indirect membrane immunofluorescence (MIF). Using mouse antisera raised by immunization of syngeneic CBA mice with transplanted FBJ sarcomata an antigen common to all FBJ tumours was detected which was also present on Gross (G) antigen positive tissues, viz. leukaemic and preleukaemic AKR lymphoid cells, but absent from the tissues of mice of G negative strains. Failure to demonstrate antigenic crossreactivity in reciprocal MIF tests using FBJ immune sera and antisera to MSV-H (Harvey), an MSV isolate of Friend-Moloney-Rauscher (FMR) sub-group specificity, established the virus type-specificity of antigens expressed by sarcoma cells transformed by the respective MSV.
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The presence of a cellular antigen with G specificity on FBJ sarcoma cells was confirmed in tests with aged exbreeding C57B1 antisera containing naturally occurring G antibody lacking significant virus neutralizing activity. However, evidence for a " sarcoma-non-leukaemia " antigen on cells transformed by MSV-FBJ was not obtained since absorption studies failed to reveal any specificity on FBJ sarcoma cells which was not also present on AKR leukaemic tissues.
It is suggested that the major humoral component of the immune response to FBJ sarcoma cells is evoked against antigens specified by the associated nonpathogenic leukaemia virus (MLV-FBJ) and the relationship of antigens demonstrated by MIF to those detected previously by complement fixation (CF) and tumour rejection tests is discussed.
FBJ VIRUS, a murine sarcoma virus 1973). Immunological studies have estab-(MSV-FBJ) isolated in association with a lished that the FBJ viruses possess the non-pathogenic murine leukaemia virus group-specific (gs) antigens of murine (MLV-FBJ) from a spontaneously arising leukaemia virus (MLV) and the type sarcoma in a CFI mouse (Finkel, Biskis specificity of the Gross (G) or wild type and Jinkins, 1966) , bears a close morpho-subgroup of murine oncorna-viruses, logical and biochemical relationship to by contrast with other MSV isolates other members of the RNA murine leu-(e.g. MSVT-Harvey) of Friend-Moloneykaemia-sarcoma virus complex (Biskis and Rauscher (FMR) subgroup specificity Finkel, 1969; Rhim et al., 1969; Levy et al., (Kelloff et al., 1969; Freshly dissociated cell suspensions were dispensed into tubes to give an initial cell concentration of 2 x 106-4 x 106 cells. The cells wTere incubated with 0 1-0 2 ml of control or test serum at 37°C for 20 min in a shaking water bath. The cell suspensions were then washed three times with PBS by centrifugation at 80 g for 4 min. After each wash the pellet was resuspended by gentle agitation. The final cell pack was incubated at 37°C for 15 min in a shaking water bath with 0-2 ml fluoreseeinated anti-mouse or anti-rat immunoglobin, and the washing procedure with PBS repeated a further 3 times.
The final pellet was taken up in 01 ml 50% (v/v) glycerol in saline and cells were examined for membrane staining using a Wild M-20 fluorescence microscope fitted with an HBO 200 mercury vapour burner and the following filters: heat-absorbing filter (KG1); u.v.-fluorescence exciting filter UGI (twice) and FITC; red-absorbing filter BG38 and a colourless barrier filter GG 13c. Individual cells were examined at a magnification of 250 or 500 diameters. Cells exhibiting degrees of membrane staining from more than two isolated points on the cell surface to complete ring reactions were scored as positive. Diffuse intracellular fluorescence was taken to indicate cell death and such cells were not enumerated. In addition, care was taken to exclude cells with adherent fluorescent debris which might mimic a positive membrane reaction. In general, the degree of membrane staining in control suspensions of lymphoid cells fell within the range 15 to 300o and was always greater than that observed with mesenchymal cells where the proportion was within the range 5-15%. The cross-reactive nature of the cellsurface antigens expressed by FBJ sarcomata was further investigated in a series of experiments in which antisera pooled from 3 separate groups of mice (A, B and C) which had received irradiated FBJ cells were tested against transplants of 7 independently induced FBJ sarcomata. In this series, 15/1 6 tests were positive (F.I. > 0 3) and the mean Fl.. was 0 39 L 0 05 (Table II) .
The specificity of these antigens for FBJ sarcoma cells was further evaluated in tests where the 3 antisera were tested against unrelated tumours and normal tissues. The former included 2 radiationinduced sarcomata (T 38 and T 115) and 2 chemically-induced sarcomata (MCB-2 and MCB-3) in syngeneic CBA mice, all of which possessed weak cell surface antigens as determined by tumour rejection tests (Moore and Wlilliams, 1972; and unpublished data) . The latter comprised normal CBA spleen cells and embryo fibroblasts. Wtithout exception these tests were negative; the mean F.I. overall was 0 05 -003 and the maximum recorded F.I., 0()12. planted in A strain mice and previously shown by complement fixation to be devoid ofwild type or G antigen (Jones and Moore, 1974) . Positive reactions were obtained against all Gross virus infected tissues, which consisted of spleen and thymus from an AKR mouse with primary leukaemia and cells originating from the third generation transplant of a GLV-induced AS rat lymphoma, F.I.s ranging from 0-33 to 0-49 (mean F.I. 0-40 ± 0-07). By contrast, the antiserum did not react with other target cells (mean F.I. 0-07 ± 0-05). These experiments thus indicated that GLV-induced rat and mouse lymphomata possess antigens in common with FBJ sarcomata.
Evidence was obtained that cell-surface antigens shared by FBJ sarcomata and AKR lymphomata are not expressed by cells transformed by MSV-H (Harvey) . In reciprocal specificity tests sera from mice immunized with irradiated isografts of FBJ sarcomata proven to be reactive with FBJ tumour target cells and GLVinduced rat lymphoma (ASL-2/4) failed to stain MSV-H cells (CH-2/4); while sera from mice immunized with a tumour transplant of an MSV-H induced sarcoma (CH3/3) or oncogenic cell-free extracts derived from MSV-H tumours, were reactive with MSV-H cells (CH 3/6 and CH 2/4), with F.I.s 0-46 and 0-37 but failed to react with two FBJ sarcomata (FBJ 4/11 and FBJ 2/12) aind a G-positive rat lymphoma (ASL-2/4), the F.I. values being 0-09, 0-06 and 011 respectively (Table IV) . Negative reactivity was also recorded against a radiation-induced murine osteosarcoma (T 115) F.I. 0-04. (Fig. 2) Cells transformed by members of the murine leukaemia-sarcoma virus complex express a number of antigens, principally residing at the cell surface which are detectable by transplantation and serological techniques. These antigens fall into two distinct categories: (a) the Gross (G) or "w 'ild" type antigen found in Passage A (Gross) virus-induced, and many spontaneous leukaemias as well as in normal tissues of high leukaemic strains (Old, Boyse and Stockert, 1965; Aoki, Boyse and Old, 1966 (XVahren, 1963; Klein and Klein, 1964; Old, Boyse and Stockert, 1964) . Previous studies undertaken with tumours induced by MSV-FBJ have established that in common with sarcomata induced by other MSV isolates (Fefer, McCoy and Glynn, 1967; Law, Ting and Stanton, 1968; Koldovsky, Turano and Fadda, 1969; McCoy et al., 1972) these neoplasms are immunogenic in syngeneic hosts (Jones and Moore, 1973) . The induction of cellmediated immunity is paralleled by the concomitant appearance of antibodies to virus type-specific antigens in the serum of immune mice, and less consistently in the serum of tumour-bearing mice (Jones and Moore, 1974 Moore, 1974) .
Comparable reactivity by CF and MIF was also observed for antisera derived from aged exbreeding C57B1 female mice. These sera have been shown by cytotoxicity and MIF to contain antibody reactive only with antigens of G specificity (Aoki et al., 1966) . The antibody lacks significant virus neutralizing capacity which suggests that the target antigen is cellular rather than virion in nature, a conclusion confirmed by immunoelectron microscopic studies (Aoki et al., 1970) . The CF antibody demonstrated in C57B1 antisera (Jones and Moore, 1974) (Herberman, 1972) , some of which represent antigenic specificities (e.g. the GlX alloantigen) hitherto undetected on non-lymphoid cells (Stockert, Old and Boyse, 1971) . The absorption data do not provide conclusive proof of absence of " MSV-non-MLV " antigens on FBJ sarcoma cells since MLV-FBJ determined antigens may overshadow MSV-specific components which may be present on these cells. In analogous studies neither Fefer et al. (1967) nor Chuat et al. (1969) could positively identify " MSV-non-MLV" antigens on cells transformed by MSV-M and MSV-H respectively, and more recently, lack of distinctive antigen on cells transformed by MSV has been demonstrated using an S + L (sarcoma positive, leukaemia negative) isolate selected from among semisolid agar colonies of MSV-transformed Swiss/3T3 cells (Strouk et al., 1972) .
Experience in the serological analysis of cell surface antigens of neoplasms induced by murine leukaemia virus (Herberman, 1972) suggests that in the MSV-FBJ system we are likely to be dealing with a complex of virus-associated antigens, comprising a number of cellular and virion determinants, which may be further analysed by the application of more sensitive techniques such as immunoelectron microscopy (Aoki, Stephenson and Aaronson, 1973) . Until the function of each antigen has been determined, no statement may be made about which, if any, of the antigens detected by different in vitro techniques mediates in vivo tumour rejection. Neoplastic transformation by oncogenic viruses appears to be associated in general with the appearance of several neoantigens. Thus, tumours induced by mammary tumour virus possesses individually specific, as well as virus-specified common antigens (Vaage, 1968; Morton, Goldman and Wood, 1969) ; while in the SV40 system, several apparently distinct antigens have been defined including a specific transplantation antigen (Habel and Eddy, 1963) , transplantation and cell surface antigens crossreactive with embryonic or egg antigens (Coggin, Ambrose and Anderson, 1970; Baranska, Koldovsky and Koprowski, 1970) , the S antigen detected by immunofluorescence (Trevethia, Katz and Rapp, 1965 ) and a tumour-specific cell surface antigen detected by the isotopic antiglobulin technique (Ting and Herberman, 1971 ). Viral genetic material may be responsible for the appearance of some of these antigens while derepression may account for others.
